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VIBRATOR ASSEMBLY 



Field of the Invention 

This invention relates generally to vibrator assemblies and more 
specifically to a surface mountable vibrator assembly. 

■ 

Background of the Invention 

Vibrators are used in a variety of devices. For example, pagers 
and radio telephones employ vibrators to effect a silent page or 
incoming call alerting signal. If the device is positioned against the 
user's body, such as by placement in a shirt pocket or hung from a belt 
the vibration alerts the user without others hearing the device. This 
silent alert is particularly advantageous in meetings or in offices where 
a lot of people share common space- 

1 The devices that employ a vibrator also employ circuit 
components mounted on a circuit board. These circuit components are 
preferably electrically connected to the circuit board by automated 
reflow heating. Vibrators, which operate from a DC voltage potential 
supplied thereto, also must be electrically attached to die circuit board. 
However, vibrators can not be connected to die circuit board by 
automated reflow heating. Vibrators are heat sensitive and easily 
damaged. Once damaged, they can not be readily repaired. 
Accordingly, vibrators must be electrically coupled to circuit boards via 



wires, a flex strip/ or two pin connector employing wires that arc 
structurally connected to the circuit board via hand soldering during a 
Separate manufacturing step. 

A vibrator must be securely mounted to the circuit board. 
Vibrators include a motor, a shaft driven by the motor, and a weight 
carried on the shaft In operation, the motor rotates the weighted shaft 
causing the vibrator to vibrate significantly. The aforementioned 
electrical coupling via wires is not sufficient to secure the location of 
the vibrator in the device. Thus, to prevent damage to itself as well as 
Other proximately positioned electrical components, the vibrator is 
mounted to the circuit hoard via a preformed bracket. The bracket is 
typically attached to the circuit board during a separata manufacturing 
step via hand soldering or automated reflow heating. The vibrator is 
then assembled into the bracket at the motor to ensure secure 
attachment* 

Therefore, what is needed is a vibrator assembly that facilitates 
automated mounting so as to minimize manufacturing step*, allows 
for easy repair/ and avoids the use of wires. 

Brief Description of toe Drawings 

* * * 

FIG. 1 illustrates a perspective view of a portable electronic 
device employing a vibrator assembly attached to a substrate; 

FIG. 2 illustrates an exploded perspective view of the vibrator 
assembly and the substrate of FIG. 1* 

HG. 3 illustrates an alternate vibrator assembly; and 

HG- 4 illustrates an enlarged, partial, cut away view of the 
alternate vibrator assembly of FIG. 3. 
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Detailed Description of the Preferred Embodiments 

A vibrator assembly includes a vibtator and a pair of dips. The 
pair of clips are adapted to be mounted to a substrate having a 
5 controllable power source. The pair of clips are electrically coupled tu 
the controllable power source The pair of dips are also adapted to 
* removably engage the vibrator. The vibrator Is secured and powered 
via the pair of dips; thereby, eliminating the need for a separate 
mounting bracket and pair of wires- 

10 FIG. 1 illustrates a radio communication system 100 inducting an 

electronic device 102. The electronic device 102, which is shown as a 
portable radio telephone, includes a housing 104 and a substrate 106 
disposed within the housing 104 (but viewable via a cutaway area 108 
of the housing 104). The housing 104 includes speaker bead and 

15 openings 111) having a speaker (not shown) positioned therebehlncL 
display 112, keypad 114, and microphone opening 116 having a 
microphone (not shown) positioned therebehind. An antenna 118 is 
carried on Ate housing 104. The antenna 118 is electrically connected to 

transceiver circuitry, such as a controllable power source 120. The 

20 controllable power source 120 is mounted on, and electrically 

connected to, a first pair of pads 122 and 123 of the substrate 106. The 
controllable power source 120 is powered by connections (not shown) 
to a battery 124 attached to a rear side of the housing 104. A vibrator 
assembly 126 is mounted on, and electrically connected to, a second pair 

25 of pads 128 and 129 of Ute sub>tiate 106. The second pair of pads 125 
and 129 are electrically connected to the first pair of pads 122 and 123 
and the controllable power source 120 via a pair of respective traces 130 
and 131. 

Although the preferred embodiment is illustrated in a radio 
30 telephone, it will be recognized that the vibrator assembly may be 
advantageously employed in other devices such as pagers, personnel 
digital assistants, or the like. Accordingly, "device" as used herein will 
refer to all such equipment and their equivalents. 
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Turning to HG- 2, the vibrator assembly 126 is shown exploded 
off of "the substrate 106. The vibrator assembly 126 includes a vibrator . 
. 200 and a pair of dips 202 and 204. 'The vibrator 200 includes a motor 
2Q6, a shaft 208, and a weight 210. The motor 206 is cylindrical and 

5 employs a housing 207. The motor 206 is powered by a DC voltage 
potential appKed to the housing 207. The housing 207 includes a first 
conductive portion 212 and a second conductive portion 214. The first 
conductive portion 212 and the second conductive portion 214 ar* 
comprised of stainless steel or other suitable conductive material. The 

10 first conductive portion 212 functions as the negative polarity terminal 
of the motor 206. The second conductive portion 214 functions as the 
" positive polarity terminal of the motor 206- The first conductive 
portion 212 is electrically Insulated from Ihe second conductive portion 
214 by an insulating portion 216 of the housing 207 disposed 

15 therebetween. The insulating portion 216 is comprised of polyimide 
film or other suitable nonconductive material* Ihe first conductive 
portion 212, the insulating portion 216, and the second conductive 
portion 214 are aligned along a longitudinal axis 220 of the vibrator 200. 
The shaft 208 extends from one end of fixe motor 206 along the 

20 longitudinal axis 220. The motnr 2Q6 r when powered rotates the shaft 

208. The weight 210 is positioned nonconcentrically on the distal end 
of the shaft 208 so as to rotate when the shaft 208 rotates. The 
nonconcentric positioning uf the weifthl 210, as well as the size 
differential between the shaft 208 and the weight 210, causes the shaft 

25 208 and the weight 210 to vibrate during rotation. 

Each one of the pair of dips 202 and 204 is substantially identical 
In order to maintain brevity, only one of the pair of clips 202 and 204 
will be described in detail. Clip 202 includes a generally rectangular 
plate 222. First and second fingers 224 and 226 extend upward from 

30 opposing edges of the plate 222. As best seen in FIG. 2, the first and 
second fingers 224 and 226 curve inwardly toward one another. The 
end 228 of each one of the fingers 224 and 226 extends outwardly from 
the apex thereof. The fingers 224 and 226 are used to restrict 
movement of the motor 206 in the vertical and horizontal transverse 
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plane. Clip 202 further includes a flange 230 extending outwardly and 
orthogonally upwardly from an edge of the plate 222. The flange 230 .is 
• positioned between the first and second fingers 224 and 226. The flange 
230 (viewable on dip 204 via a cutaway area) is used to secure the 

5 longitudinal position of the motor 206 of the vibrator 200- Clip 202. 
may be constructed using any suitable conventional technology, such 
as from a one piece member thai is stamped from a metal material, 
such as beryllium copper or other suitable material, and bent to the 
substantially "IT-shaped configuration illustrated in Hn. 2 using a 

10 progressive tooling die. The material is sufficiently resilient such mat 
fingers 224 and 226 spread apart when the motor 206 is pressed 
downwardly towards the plate 222 during assembly and then return to 
their original position to hold the motor 206 securely in position. 
The vibrator assembly 126 is assembled to the substrate 106 

15 (shown in fragmentary form in HG. 2) in the following manner. The 
clips 202 and 204 are preferably attached to the substrate 106 via an 
automated process. Initially, the substrate 106 is subjected to a 
screening process that deposits solder paste on the pads 128 and 129. 
The solder paste consists of tin-lead-silver alloy, or other suitable 

20 electrically conductive solder. Next, the clips 202 and 204 are 

juxtaposed with the pads 128 and 129, respectively, as represented by 
lines 231. Automated placement of the clips 202 and 204 is performed 
using any suitable, commercially available small part placement 
machine. Once placed, the plate 222 of each of the dips 202 and 204 

25 align with the pads 128 and 129 of the substrate 106, respectively, and 
contact solder paste. 

After placement, the substrate 106 is reflow heated to a 
temperature mat is sufficient to melt the solder paste and then cooled 
to room temperature. A removable aluminum template may be 

30 employed to maintain alignment of the clips 202 and 204 with the pads 
120 and 129 during reflow heating. Reflow heating takes approximately 
660 seconds. During mis time period, the temperature of the substrate 
106 and dips 202 and 204 is Increased to approximately 218 *C. The 
melted solder forms a metallurgical interconnection between the clips 
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202 and 204 and the pads 128 and 129, respectively. Once cooled, the 
' djpg 202 and 204 of Hie vibrator assembly 126 are physically and 

. . electrically connected to the pads 128 and 129 of the substrate 106, 
respectively. 

5 After the dips 202 and 204 are attached to the substrate 106, the 

vibrator 200 is attached to the dips 202 and 204. To assemble the 
vibrator 200, the motor 206 is moved in a downward direction, as 
represented by lines 232. The motor 206 contacts the ends 228 of the 
fingers 224 and 226 of me Clips 202 and 204. The fingers 224 and 226 arc 

10 pressed outwardly by the motor 206 as it continues to be moved 

downward toward the plate 222 of the clips 202 and 204. The flange 230 
of the dips 202 and 204 engage end surfaces of the motor 206. The shaft 
208 of the vibrator is long enough to ensure adequate clearance for 
flange 230 of clip 202 between the weight 210 and the motor206. Once 

15 assembled, the first conductive portion 212 only contacts dip 202 and 
the second conductive portion 214 only contacts clip 2U4. The fully 
assembled position is Illustrated in FIG. 1. Automated placement of 
the vibrator 200 can be accomplished by using a commercially available 

robotic arm. 

20 Once assembled, the vibrator 200 is operational to alert a user 

upon reception of a call. Referrine, to FIG. 1, the electronic device 102 
receives a call in the radio communication system 100 via a radio 
frequency (KF) signal 132, such as a paging signal, communicated from 
a base station 134. The antenna 118 detects the RF signal 132 and 

25 couples it to the transceiver circuitry. Responsive to detection, the 
controllable power source 120 generates a DC (direct current) voltage 
potential across the first pair of pads 122 and 123. In the preferred 
embodiment, controllable power source 120 generates a positive 
polarity on pad 122 and a negative polarity on pad 123. The pair of 

30 traces 130 and 131 and the second pair of pads 128 and 129 coupled the 
DC voltage potential to ihe pair of clips 202 and 204 of FIG. 2, 
respectively. The pair of dips 202 and 204 apply the DC voltage 
potential to the first conductive portion 212 and the second conductive 
portion 214 of the housing 207 of the motor 206. The motor 206, 
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responsive m the DC voltage potential begins to rotate the shaft 20B 
and the weight 210; thereby, creating a sflent incoming call alert signal 
discernible to the user of the electronic device 102. 

AGs- S and 4 illustrates an alternate vibrator 300 for use with the 
vibrator assembly 126 and the electronic device 102 of FIG. 1. The 
alternate vibrator 300 employs a conventional vibrator that has been 
retrofitted. The conventional components of the alternate vibrator 300 



306 positioned on the shaft 304. Also, the motor 302 includes a housing 
10 308 that is cylindrical and comprised of a conductive material, such as 
stainless steel or other suitable metal. Also, the motor 302 of the ~_ 
conventional vibrator generally employs terminals, such as a positive 
terminal 400 and a negative terminal 402 shown via a cutaway 403 of 
FIG, 4, disposed on the end of the motor 302 opposite the shaft 304. The 
15 motor 302 is powered by a DC voltage potential supplied by wires (not 

shown) to Ihe terminals. 

However, unlike the conventional vibrator, the alternate 

vibrator 300 includes a cap 310 and an insulator 312 fit to the end of the 
motor 302 opposite the shaft 304 as represented by dotted lines in HG. 4. 

20 The cap 310 is cylindrical and comprised of a conductive material, such 
as stainless steel or other suitable metal The insulator 312, which is 
disposed between the housing 308 and the cap 310, is preferably 
comprised of polyimide film or other suitable nonconductive material* 
Furthermore, the cap 310 is electrically connected io the positive 

25 terminal 400 via a first wire 404. The housing 30H is electrically 
connected to the negative terminal 402 via a second wire 406. The 
insulator 312 electrically insulates the housing 308 from the cap 310. 
The cap 310, the insulator 312, and die housing 308 are conreittrically 
arranged with respect to a longitudinal axis 314 of the alternate vibrator 

30 300. 

The thickness of the material comprising the cap 310 and the 
insulator 312 adds only negligibly to the diameter of ihe motor 302.. As 
such, the alternate vi bra for 300 can be assembled to the clips 202 and 
201 of FIG. 2 in the same manner previously described with respect to 
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the vibrator 200. Once assembled, the housing 308 resides in contact 
with dip 202 and in isolation from dip 204; and the cap 310 resides in . 
contact with dip 204' and in isolati&n from dip 202. The alternate 
vibrator 300 is then operated by the controlled power source 120 in the 

aforementioned wanner. 

Thus it can be seen that a vibrator assembly is disdosed 
employing only a vibrator and surface mountable dips that facilitate 
automated assembly. The surface mountable dips anchor the vibrator 
to a substrate and electrically couples the vibrator to circuitry supported 
on the substrate. Thus, the need for a separate mounting bracket and 
pair of wires is eliminated. 

What is claimed is: 
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Claims 

_.. • * 

• 1. A vibrator assembly comprising: 

a vibrator including a motor, a shaft driven by the motor, and a 

■ 

5 weight positioned on the shaft; and 

a pair of clips adapted to be mounted to a substrate having a 
controllable power source/ tiie pair of dips electrically coupled to the 
controllable power source, the pair of clips adopted to engage the motor 
of Che vibrator. 

10 

2. The vibrator assembly of claim 1 wherein the motor of the vibrator 
further comprises a conductive housing. 

3. The vibrator assembly of claim 2 wherein the conductive housing 
15 further comprises a first conductive portion contacting one of the pair 

of dips said a second conductive portion contacting Ac other one of the 
pair of dips. 

4- The vibrator assembly of claim 3 wherein the first conductive 
20 portion and the second conductive portion are axially aligned. 

■v , ■ ' * 

« ^* 

5. The vibrator assembly of claim 4 wherein the conductive housing 
includes an insulating portion disposed between and axially aligned 
with die first conductive portion and the second conductive portion » 

25 

6. The vibrator assembly of claim 3 wherein the first conductive 
portion and the second conductive portion are concentrically aligned. 

7. The vibrator assembly of claim 6 wherein 

30 the conductive housing further comprises an insulating porti on 

concentrically disposed on the first conductive portion and 
substantially enclosing an end of the vibrator, and 

the second conductive portion comprises a conductive cap fitted 
on die end of the vibrator over the insulating portion. 



8. The vibrator assembly of claim 1 wherein at least one of the pair of 
. dips is substantially "IT-shaped* • • 

5 9. The vibrator assembly of daJta. 1 wherein at least one of the pair of 
dips further comprises a flange contacting an end surface of the motor 
of the vibrator. 

10. An electronic •device comprising: 
10 a substrate having at least two pads and a controllable power 

source mounted [hereon, the controllable power source electrically 

coupled to the at least two pads; 

a pair of clips mounted on the substrate, the pair of dips 
electrically coupled to corresponding ones of the at least two pads; anrl 
15 a vibrator including a motor, a shaft driven by the motor, and a 

weight positioned on the shaft, the motor adapted to be received in thi 
pair of dips. 
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